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ABSTRACT
In experiments on discrimination learning,

two

general methods of stimulus presentation are commonly used.
In the so-called simultaneous method, both the positive and
negative stimuli are presented on each trial, and the animal
learns to choose the correct cue regardless of spatial ar
rangement.

In the successive method, he is confronted with

two or more identical stimuli on each trial, and makes one
\
response when the stimuli are of one type, and another re
sponse when of the opposing type.
Experimental interest in the two discriminative forms
has centered mainly around their relative difficulty;
is, which procedure leads to quicker learning.
however,

that

The data,

are conflicting; the simultaneous method has been

found easier in some studies,
no difference in still others.

the successive in others,

Perhaps difficulty level of

the task is the reconciling factor.
nations produce one outcome

and

Perhaps easy dijcrimi-

(e.g., no difference between

simultaneous and successive), while difficult discriminations
another

(e.g.,

simultaneous superior to successive).

some experiments have suggested this possibility.

In fact

Yet these

same studies have not always clearly demonstrated a gross
difference in difficulty level and have commonly changed the
qualitative aspects of the stimulus sets as they went from
vi

vii
the easy to the difficult problem.
The present experiment attempted to avoid these criti
cisms by making difficulty a function of the number of dis
criminative choices; that is, by assuming that a two-choice
problem will be clearly easier to discriminate than a
three-choice problem.
a circular,

Also,

the same stimuli

(a horizontal,

and a vertical black and white pattern) were

employed for both difficulty levels.
experimental conditions:

Thus,

there were four

simultaneous two- and three-choice

and successive two- and three-choice.

All statistical com

parisons were based on number of trials to a learning criterion,
which was 10 correct responses for the two-choice subjects
- 4
(laboratory rats) and 8 correct responses for the three-choice
Ss in two consecutive six-trial blocks.
Training took place for the two-choice groups in a
Y-type maze;

for the three-choice groups, an additional alley

was attached to the stem.

The stimuli were mounted on medium-

gray metal doors, which swung freely on horizontal bars at the
alley entrances.
Following four days of pretraining,
six trials per day for 50 days.
separated trials.

each rat received

Approximately 12 minutes

Shock was the motivating stimulus,

and

shock escape by entering the appropriate alley defined a
correct response.
The assumption that a three-choice discrimination is
significantly more difficult to learn than a two-ehoice
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problem was not supported by the results, and,

therefore,

there was no adequate test of the hypothesis, viz.,

that

the relative difficulty of simultaneous and successive dis
crimination varies as a function of the absolute difficulty
of the discrimination learned.

The data, however, were sug

gestive that the difference between the simultaneous and
successive methods decreases at the upper end of the diffi
culty continuum.

In addition,

the simultaneous procedure

was found to be superior to the successive procedure under
both conditions of choice,
studies in this area.

consistent with the majority of

INTRODUCTION
In discrimination learning, two general methodB of
stimulus presentation are available.

In the so-called

simultaneous method, the positive stimulus is presented
together with the negative stimulus

(or stimuli),

and the

animal learns to choose the correct cue regardless of
spatial arrangement.

In the so-called successive method,

the animal is confronted with two or more identical stimuli
on each trial.

Response is made to one position

(e.g.,

left

door) when the stimuli are of one type, to another position
(e.g., right door) when they are of another type, and to a
third position

(e.g., middle door) if a third type of stimu

lus is employed.

In a variation of the successive method,

only a single stimulus is present during a trial,

and S. learns

to respond in one way to one cue and in another way or not at
all to an opposing cue.
Purpose of Study
Experimental interest in the two discriminative forms
has centered mainly around their relative difficulty; that is,
which procedure leads to quicker learning.

Studies dealing

This investigation was supported, in part, by a Public Health
Service fellowship (1 FI MH-21, 689-01) from the National In
stitute of Mental Health.
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with this question have produced all possible results.
Some have found simultaneous presentation to be easier
(North and Jeeves,

1956; Robinson and McGill,

1958; Spence,

1952), while others have favored successive presentation
(Bitterman and Wodinsky,
Norris,

1953; Calvin and Seibel,

1950; Weise and Bitterman,

1951).

Grice

1954;
(1949) re

ported no difference between the two methods.
It has been suggested that the lack of uniformity in
the reported results is due, at least in part,

to the differ

ence in the levels of difficulty of the problems used from
experiment to experiment.

More specifically, perhaps in easy

discriminations one result is obtained

(e.g., no difference

between simultaneous and successive), while in difficult dis
criminations another result is obtained

(e.g., simultaneous

superior to successive).
Three studies have tested this easy versus difficult
hypothesis.

MacCaslin

(1954) gave four groups of rats two-

problem discriminations on the Lashley jumping stand.
of the groups, a simultaneous and a successive,

Two

learned to

discriminate between relatively dissimilar stimuli

(easy

problems)— wide horizontal versus wide vertical black and
white stripes and large versus small black circles on white
grounds.

The other two groups,

again one simultaneous and

one successive, were trained on relatively similar stimuli
(difficult problems)— light versus dark gray and wide versus

narrow vertical black and white stripes.

Each group was re

quired to learn its respective discriminations concurrently.
The first two groups were found to differ at just beyond
the 5% level of confidence, with the results in favor of
simultaneous presentation.

The difference in performance

of the second pair of groups,

on the other hand, reached

well beyond the 1% level, with the simultaneous group again
showing superiority.

MacCaslin concluded that this was

’'evidence of the validity of the hypothesis tested; namely,
that as stimulus-similarity increases,

the difficulty of the

successive problem increases relative to that of the simul
taneous problem, while the absolute difficulty of both
problems is increased."
In a human study, Loess and Duncan

(1952) defined

difficulty in terms of the number of cues, relevant and ir
relevant, confronting college students in a combined size-formbrightness discrimination.
number of cues was small,

The assumption was that when the
the subjects working under successive

presentation would find it just as easy to identify and ignore
the irrelevant cues from memory as the Ss working under simul
taneous presentation would from direct observation.
however,

When,

the number was made larger, the successive group

would not be able to recall all of the possible combinations
of cues and, therefore,
taneous group.

take longer to learn than the simul

The stimuli for the easy discrimination were
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large and small black circles and squares and white and
medium-gray backgrounds,
ways.

combined in the eight possible

The diBcriminanda were the same for the more diffi

cult discrimination,

except that an additional irrelevant

cue, an equilateral triangle,
and down on gray cards,

pointing up on white cards

fell within the large circles and

squares and surrounded the small circles and squares.

The

addition of this cue considerably increased the number of
combinations of cues.

S/ s task was to correctly divide

the stimulus cards into two sets on the basis of a prear
ranged principle,

for example,

circles on white and squares

on gray— Set A, circles on gray and squares on white— Set B.
The cards were presented in pairs for the simultaneous S^s
and singly for the successive Ss.

Correct choices were

reinforced by the sounding of a buzzer.

The results showed

that the simultaneous group learned the more difficult dis
crimination significantly faster than did the successive group.
Paired and single presentation did not produce different rates
of learning in the easier discrimination.

Two different

levels of problem difficulty were demonstrated when the
stimuli were presented successively, but not when they were
presented simultaneously.
Lipsitt
grade children.

(1961) tested the hypothesis using 40 fourth
In this experiment,

the simultaneous and

successive methods were compared in two different

5
three-choice color discriminations,
distinctive stimuli

one involving highly

(red, green, and blue lights) and the

other highly similar stimuli

(red, pink,

and orange lights).

The greater the similarity between the lights,

the greater

the amount of generalization between them and the slower
the learning,

it was reasoned.

The discriminanda were pre

sented in a black box containing three apertures faced with
milk glass windows.
of each window.

A response button was located in front

The S/s task was to depress the button in

front of the stimulus he judged to be correct.

A jeweled

reward light was positioned just above the middle button.
The criterion of learning was nine consecutive correct re
sponses.

The similar-Btimulus condition was found to be

significantly more difficult than the distinctive-stimulus
condition under both the simultaneous and successive p r o 
cedures.

The two presentation methods differed

(simulta

neous superior) only in the red-pink-orange problem.
Two of the above investigations seem to fall short of
a thoroughgoing test of the original hypothesis.
MacCaslin study, two conditions,

In the

problem difficulty

easy to difficult) and stimulus class or type

(from

(from pattern

and size to brightness and size-brightness-pattern), were
varied together.

The resulting confound makes it impossible

to identify the exact source of the "treatments" variance.
Was the degree of difference between simultaneous and
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successive changed by varying the difficulty level of the
problems or by varying the classes of stimuli or by vary
ing both?

Let us recall that the difficult discrimina

tions were light vs. dark gray and thick vs. thin vertical
stripes, and a superiority of substantial magnitude was
reported for the simultaneous group over the successive
group.

Now,

suppose a third and equally difficult problem

had been used in the study,

say, a form discrimination.

It is possible that in this instance no difference between
the groups or even the opposite outcome could have been
obtained.

It appears that MacCaslin recognized the presence

of the confound,

from the careful way in which he worded

his hypothesis.

It might be noted here also that another

hazard is inherent in this kind of design, one which stems
from the possible interaction between the two problems of
each double discrimination.

If interactive effects were

present and differential to any important degree,

this

would constitute an added complicating factor in the ex
periment .
Criticism of the Loess-Duncan study takes a different
form.

It was stated that the addition of the triangle made

the discrimination more difficult only when the stimuli
were presented successively.

The difference between the

simultaneous group that learned the discrimination without
the triangle and the simultaneous group that learned it

with the triangle was not Btatiscxcally significant.

If

different levels of difficulty were not achieved for simul
taneous presentation,

can it be said that a difficulty

variable produced the observed difference between the two
successive groups or between the groups subjected to the
additional cue combinations?

More likely it was the inter

action between the method of stimulus presentation and the
particular change instituted in the stimulus conditions,
and difficulty played no role.
The objections that have been raised against the
MacCaslin and Loess-Duncan studies graphically illustrate
the importance of satisfying the following two require
ments in any investigation of the level-of-difficulty
hypothesis:

(1) the same class of stimuli must be used

in both the easy and difficult discriminations,

and

(2)

there must be reasonable expectation that different levels
of discriminative difficulty will be empirically estab
lished under both stimulus presentation procedures.

One

approach to the problem, with these requisites in mind,
is to make difficulty a function of the number of discrim
inative stimuli;

that is, to define an easy discrimination

as a two-choice problem and a difficult discrimination as
a three-choice problem.

This approach forms the basis of

the investigation reported here.
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The feasibility of an experiment which produces dif
ferent levels of difficulty by using two-choice and threechoice discriminations is seen in some past work on the
jumping stand apparatus.

Lashley (1938), in a three-

choice simultaneous size problem, trained four rats each
to jump to a large, intermediate, and small circle, re
spectively (diameters in the ratio of 1:2:4).

The largest

and smallest discriminanda were learned in about 140
trials

(the Ss for which the intermediate circle was

positive showed no evidence of learning).

This is more

than three times the number of trials it took other rats
to maBter a two-choice size discrimination,
ratio of the circles differed even leBS

in which the

(2:3).

In a study

demonstrating stimulus grouping effects, Wodinsky and
Bitterman

(1952) also trained rats on a three-window

jumping stand.

The problem involved successively pre

sented black, white,

and vertically striped cards.

£Js

were reinforced for jumping to one window when three black
cards appeared,

to a second window when three white cards

appeared, and to the third window when three striped cards
appeared.

Eleven of the 16 Ss met the learning criterion

(11 correct jumps out of 12) within the allowed number of
training trials

(180).

The remaining Ss showed no tendency

to abandon positional preferences.
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Table 1 summarizes the procedure for the present ex
periment.

As can be seen from the table, the same stimuli—

a horizontal, a circular, and a vertical pattern— were
employed, properly counterbalanced,
tal conditions, which were:

in all four experimen

simultaneous two- and three-

choice and successive two- and three-choice.
was a 2 x 2 factorial analysis of variance,

The design
in which the

main effects were mode of stimulus presentation
taneous vs. successive) and number of choices
vs. three-choice).

{simul

{two-choice

All comparisons were based on number of

trials to a learning criterion.
ment, then, was threefold,

The purpose of the experi

as follows:

1.

To determine the relative difficulty of simultaneous
and successive discrimination, i.e., which method
produces faster learning.

2.

To compare the levels of difficulty of two-choice
and three-choice problems.

3.

To test the hypothesis that when the absolute diffi
culty of the discrimination is increased, the rela
tive difficulty of simultaneous and successive
discriminatioxi changes, in degree and perhaps even
in direction.

Theoretical Considerations
The process leading to the solution of a discrimination
problem has been described in various ways.
contrasted hypotheses are:

(1) the animal responds to the

relationship between the stimuli,
brighter than, etc.,

The most clearly

that is,

larger than,

(2) it responds positively to one of
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TABLE I

Group

S im u ltan eo u s
T w o*Choice

No.
of
is

Alloys
Employed

Stimuli

2

I Sc 3

HC*

H o riz o n ta l

2

1 Sc 3

HC*

C irc u la r

2

1 Sc 3

X
<
*

Summary Schema of Experimental Procedure

H o riz o n ta l

2

1 St 3

HV*

V e rtic a l

2

I Sc 3

cv*

C irc u la r

2

1 Sc 3

cv*

V e rtic a l

4

1 St 3

P o sitiv e Alley
or Stimulus

(Sl-2)

HH

L

CC

3

HH

1

vv

3

CC

1

vv

3

S u c c e s s iv e
T w o-C hoice
(Su-2)

A

A

1 Sc 3

1 Sc 3

A

1. 2 , St 3

HCV*

H o riz o n ta l

4

1. 2, St 3

HCV*

C irc u la r

(Si-3)

4

1. 2 . ft 3

HCV*

V e rtic a l

S u c c e s s iv e
T h re e-C h o ic e

HHH
12

1
2

S im u ltan eo u s

T h re e -C h o ic e

1. 2. Sc 3

(Su-3)
‘ S tim ulus t m o g c e e f l t w i c d random ly

CCC
VVV

3
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the stimuli and negatively to the other,

(3) it achieves

solution in terms of the unitary properties of the pairs
of stimuli.

These divergent points of view have come to

be known as the 'relational learning' theory
Lashley),

the

'specific stimulus’ theory

marily by Spence),

and the

(advocated by

(advanced pri

'configurational'

theory

(pro

posed by Gulliksen and W o l f l e ) .
Lashley's relational responding theory
1942) stems from studies in 'transposition,'
transposition paradigm,

In a typical

for example,

After the animal learns the positive stimulus,

say, the darker of two gray papers,
of stimuli,

1938,

the organism is presented with two

stimuli differing within some dimension,
brightness.

(1930,

it is tested on new pairs

and if it chooses the darker of each new pair

even when the originally positive stimulus is paired with a
darker paper, transposition is demonstrated.
According to the Lashley theory,

the discriminative

process proceeds in the following manner.
being placed in a stimulating situation,
the stimuli which confront it.

The animal,

after

actively compares

If the pattern contains many

items, the subject selectively attends to a part-figure.
"Hypotheses" are tested— for example,
larger stimulus or the smaller,

response is to the

the brighter or the dimmer.

Only the cue that is being responded to at the moment is
differentially affected by reinforcement or non-reinforcement.
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Other stimuli exciting the receptors are not associated.
Hypotheses are adopted and discarded until the correct one
is discovered,

that is, until the correct relationship b e 

tween the stimuli is perceived and the reward consistently
received.
Relational theory holds that any condition that
favors the act of comparing stimuli will lead to the more
rapid development cf a discrimination.

It follows, then,

that a problem in which the organism must compare an im
mediate stimulus with a memory trace of a previously pre
sented one

(as in successive discrimination)

should be

harder to solve than one with both stimuli physically
present

(simultaneous discrimination).

The same reasoning—

greater opportunity for direct comparison of the stimuli—
leads this theory to predict relatively less difficulty in
learning a two-choice problem as opposed to a three-choice
problem

(Lashley and Wade,

1946, p. 84).

Transposition behavior was first demonstrated in
1902

(Kinnamon).

A number of studies since then have shown

that this phenomenon occurs on a wide range of stimulus di
mensions and in a variety of species.
of these studies,

However,

in the course

it was also found that transposition was by

no means universal.

In a large number of instances,

the ani

mals would fail to respond in the transfer tests in accord
ance with the relationship learned in acquisition.

This was

13
especially true in cases where the difference between the
training and test stimuli was large.
The breakdown of transposition for test pairs far
removed from the original training pairs persuaded Spence
v.o develop an opposed theory of discrimination and trans
position

(1936,

1937,

1952),

one which did not include

comparison as an important variable.
view,

According to this

the differential response of animals to different

stimuli is based on:

(1) the development of tendencies to

repeat reinforced responses,

(2) the development of ten

dencies to inhibit non-reinforced responses,

(3) the

generalization of both these tendencies according to the
principle of primary stimulus generalization,

and

(4) the

assumption that the magnitude of the inhibitory tendency is
less than that of the excitatory tendency.

The effective

excitatory strengths for any pair of stimuli are postulated
to be a function of the algebraic summation of the reinforce
ment and extinction effects at those points on the continuum.
Response will occur to the stimulus with the stronger net
excitatory strength conditioned to it, other things being
equal.
Spence's generalization hypothesis can handle re
versals and chance responding in transposition,
the Gestalt view could not.

Further,

something

it predicts in quan

titative terms that similar stimuli should be discriminated
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with less ease than dissimilar stimuli.

In Spence's ap

proach all elements of the stimulating situation impinging
on the receptors at the moment a response is reinforced
become associated with that response.

If the reward is

withheld or the response punished, all of these S-R units
would be weakened.

The build-up of habit strength and in

hibition for responses to the relevant stimuli is seen as a
gradual and continuous process, which is in contradistinction
to the abrupt,

insightful-like learning postulated by Lashley

and the field theorists.
Spence said that in a discrimination of the simul
taneous type, the organism learns to approach the stimulus
complex (door, window,
ulus cue

etc.) containing the positive stim

(white, triangle, etc.) rather than to approach

the stimulus complex containing the negative cue.

The so

lution of a successive discrimination, on the other hand,
is based on the concept of stimulus-compounding.

Since the

successive problem cannot be solved by always going left or
right, or always approaching white or black

(no one of these

components would be reinforced more than any other), the subject must learn a pattern,
black on the left.

for example, white on the right,

Patterning will occur only when the ani

mal is convinced that a component solution is not possible.
Spence suggests that successive stimulus presentation should
be more difficult than simultaneous presentation,

on the
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ground the cue-compounds to be discriminated on each trial
in the former procedure

(black-right, black-left or white-

right, white-left) are more similar than they would be in
a corresponding simultaneous problem (black-right, whiteleft or white-right, black-left).
Gulliksen and Wolfle

(1938a,

1938b) took issue with

both the Lashley and Spence conceptions.

They contended

that the animal's response is neither to a relationship nor
a stimulus complex
tion.

(or compound), but rather to a configura

By configuration they meant the discriminative

stimuli in a given spatial arrangement or combination taken
as a unified whole.

The discrimination process,

they said,

is essentially one of selecting the directional reaction
appropriate to each configuration.

In other words,

the

animal does not choose between two simultaneously presented
stimuli

(or compounds), but responds differently to two

successively presented configurations.
simultaneous problem,

For example,

in a

the animal may associate a jump to

the right with the configuration black-white and a jump to
the left with white-black.
presented successively,

If the same discriminanda were

the opposed responses would be made

to black-black and white-white.

The Gulliksen-Wolfle theory

is the only major formulation that permits the prediction
that the successive problem will be learned more easily
than the simultaneous.

This follows logically from the
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assumption that the two configurations,
double-white,

double-black and

are more discriminable for the animal than

black-white and white-black,

the second pair of percepts

being more similar to each other than the first pair.
Problem in Perspective
Studies that have investigated the relative effective
ness of the simultaneous and successive discriminative pro
cedures number between twenty and thirty.

The majority of

these studies have used rats as the subject population.
Of the rat studies,

six report the speed of learning in

terms of the number of trials to a learning criterion.

These

data have been compiled and are portrayed in graph form as
Figure 1.
The points in the figure representing the method that
was mastered first in each study have been connected,
can be seen.

Similarly,

the points representing the more

difficult method in each study have been connected.
variable,

difficulty,

as

The

as the writer understands it, would

be keyed to the lower of the two curves.

Thus, we see that

the Grice study employed the easiest discrimination and the
MacCaslin study the most difficult.

The Baker and Lawrence

(1951) problem was more difficult than Grice's but easier
than Bitterman, Calvin,
Wodinsky

and Elam's

(1953) and Spence

(1953).

The Bitterman-

(1952) discriminations ranked
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second and third,

respectively,

in difficulty.

Further inspection of Figure 1 reveals that

(1) one

discriminative method was superior in some studies,
other method in other studies, and

the

(2) the degree of differ

ence between the two methods increases directly with an in
crease in the absolute difficulty of the discrimination
until about the fifty or sixty trial-mark,
the function reverses.

at which point

[It should be noted here that in

the MacCaslin study the distinctive-stimulus condition
(shown in Figure 1) was learned in 120
144

(successive) trials and the similar-stimulus condition

(not shown) in 448
als.

(simultaneous) and

(simultaneous) and 768

(successive) tri

Thus, MacCaslin*s difficulty dimension begins where

the one in Figure 1 ends, and his results suggest that the
curves diverge again at some point after 120 trials.]
first blush,

these two observations,

a rather confused picture.

At

taken together, present

Can difficulty level be related

to the efficacy of the two discriminative forms if now one
procedure is superior and now the other?

A brief look at

some previous research in the general simultaneous-successive
area may provide us with an answer to this question.
There is some strong, but not conclusive, evidence
that situational variables,

such as contact and contiguity,

can be determining factors in the outcome of a discrimina
tion study.

By 'contact*

is meant an experimental situation

in which response is made directly to one of the discriminanda.

In a 'noncontact'

situation,

the animal indirectly

approaches or, more accurately, turns away from the stimuli
in responding.

'Contiguity' refers to the physical prox

imity of the discriminanda.

If the stimuli are separated

in space, a 'noncontiguity' condition prevails;
contiguous stimuli, on the other hand,

spatially

constitute a 'con

tiguity' condition.
The relevance of contact and contiguity was first
suggested by Weise and Bitterman

(1951), who published the

results of a study in which rats were run in a noncontact,
contiguity situation.

The task of the animals,

was to solve four T's placed in tandem.

essentially,

Correct turns led

to subsequent units and ultimately to a food reward.
lamps, closely juxtaposed at each choice point,
as the cues in the experiment.

Two

functioned

One group of rats

(simul

taneous) encountered one lighted and one unlighted lamp in
each unit, another group (successive) two unlighted or two
lighted lamps.

The S b put through the successive procedure

solved the problem reliably faster than the Ss given the
simultaneous procedure.

The same result was obtained by

Bitterman and Wodinsky on a three-window jumping stand
(center window used for stimulus cards) and by Wodinsky,
Varley,

and Bitterman

(1954) on a four-window jumping stand

(two center windows for stimuli) .

When Wodinsky et^ a_l. ran
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two other groups under contact,
that is, the lateral doors,

noncontiguity conditions—

through which the animals

jumped, held the stimuli— the results were reversed.

The

simultaneous procedure was easier.
Evidence that has come out of other laboratories
tends to dispute the claims that have been made for con
tact and contiguity.

For example,

Calvin and Seibel

(1954)

replicated the Weise-Bitterman experiment in all respects,
save one:
arms.

the lamps were moved out to the ends of the maze

Despite the change from noncontact-continguity to

contact-noncontiguity,

the successive group still performed

better than the simultaneous group.
(1956)

Calvin and Williams

found no difference between the experimental groups

when they used only one unit of the Calvin-Seibel multiple
discrimination apparatus.

However,

these investigators un

covered another variable.

A breakdown of the simultaneous

group showed that the Ss that had to approach light were
significantly inferior to the successive Ss, while those
that had to avoid light were significantly superior to the
successive jSs.

The approach-light,

operating also in a study b y Davis

avoid-light variable was
(1957), who replicated

the Calvin and Seibel experiment, but instituted a 6-sec.
delay between units.

In this study, however,

the perform

ance of the simultaneous approach-light subgroup was compa
rable to that of the successive group.
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The purpose of reviewing a portion of the general
literature should be clear in terms of the question posed
earlier.

It is to indicate the prepotency of even a single,

sometimes obscure,

situational variable in influencing the

outcome of a simultaneous-successive study.

Merely re

quiring the animal to approach light or approach dark can
shift the results in favor of one method of stimulus presen
tation or the other.

Promoting or retarding the functional

isolation of the discriminanda by separating or juxtaposing
the stimuli or changing the direction of the response may
have the same decisive effect.
The schema of Figure 1 may be crude and perhaps even
inaccurate because of the variety of experimental set-ups
employed in the different studies, but it serves at least
to put into vivid perspective the problem at hand.
suggests the broad outlines of a working hypothesis:
easy discriminations,

play which,

In

there is little or no difference between

the two discriminative procedures.
made more difficult,

It also

When the discrimination is

situational variables are brought into

depending upon their nature, produce a superiority

for one method or the other.

The degree of difference in ef

fectiveness between simultaneous and successive discrimination
depends upon the operative point along the difficulty continuum.

METHOD
Subjects.

The Ss employed in the experiment were 48

experimentally naive, male rats of the Sprague-Dawley
strain, purchased from the Holtzman Company, Madison, Wis
consin.

They were housed individually in regular metal

cages and fed and watered ad libitum.

The animals were 53

days old and weighed between 200 and 250 gm. at the start
of pretraining.
Apparatus.
wooden maze,

The apparatus was a specially designed

a sketch of which appears in Figure 2.

It

consisted of a 7 x 8 in. start box, a fan-shaped discrimi
nation chamber, and three 12 x 4-1/2 in. alleys.

The start

box and discrimination chamber were separated by a 6-3/4 x
5-1/2 in. clear plate-glass guillotine-type door.

The alleys

branched at intervals of 37° from the discrimination chamber.
A 4-1/2 x 5-3/8 in. metal door was suspended from and swung
freely on a horizontal bar at each alley entrance.

The dis

tance between each metal door and the center of the guillo
tine door measured 9 inches.

The walls of the maze were

5-1/2 in. high and painted flat black.

The floor of the

maze was made up of evenly-spaced stainless-steel rods,
which were wired to a shock scrambler and an electric shock
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source.

Hinged plexiglass restraining lids covered the

start box and the forward sections of the maze.
Latency and running-time measures were provided by
two Standard Electric Timers.

The raising of the guillo

tine door activated both timers and also charged the grid
floor.

Lowering of the door stopped one of the clocks,

while interruption of one of three photoelectric beams,
which were located 6-3/4 in. into the alleys, terminated
the second clock and the electric shock.
The experimental space was enclosed on three sides
by 79 in.-high wooden partitions, which,
were painted flat black.

like the maze,

The major source of illumination

in the room was provided by a 100-w. bulb, placed approxi
mately 16 in. above the choice chamber of the maze.

The

light from this bulb was directed downward by an industrial
reflector.

A slight amount of additional light emanated

from the 7-v. photobeams in the alleys.
The discriminanda— a horizontal,

a circular, and a

vertical pattern— were photoprinted on matte paper.

The

outer dimensions of the patterns, which are shown in Figure
3, were 4 in. b y 4 inches.
1/2 inch.

The width of the stripes was

The black and white areas were equated between

stimuli to control for brightness cues.

The stimuli were

mounted on both sides of the earlier-described metal doors,
which were painted a flat, medium gray.

n a S.
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Procedure.

Prior to acquisition, Ss were assigned

at random to the four experimental groups, tamed, and given
four days of pretraining, which involved familiarization
with the apparatus and training in the operation of the
stimulus doors and escape from electric shock.

For two of

the four groups, the apparatus was converted to a two-choice
maze by blocking off the middle alley with a wooden insert.
On the first day of pretraining, each animal was
placed in each of the test alleys once, and allowed to ex
plore the maze for a total of three minutes while the guil
lotine door was down and the stimulus doors and shock were
off.

On each of the next three days, the animals were placed

in the start box and experienced an intermittent shock of
moderate intensity to the feet when the guillotine door was
raised.
alley.

Escape from shock required entry into the correct
On Day 2 Ss encountered only the negative stimulus

door(s), while on Day 3 and Day 4 the positive door was at
tached as well.

A total of six trials was given each animal

on each of these three days.

Each alley was positive on half

(two-choice) or one-third (three-choice) of the trials.

A

wooden block behind the negative door(s) barred entry into
the negative alley(s).
length on Day 3.

The positive door was three-quarter

Animals failing to respond correctly with

in two minutes were guided manually into the correct alley.
No stimuli were used during these trials.
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At the end of this preliminary training,

the four

groups were trained in acquisition according to the follow
ing schedule

(see Table

X) :

1.

Simultaneous two-choice (Si-2):
Each stimulus was
paired with each of the other two stimuli and made
positive for four of the animals.

2.

Successive two-choice (Su-2):
Ss were confronted
with two identical stimuli on each trial.
The left
alley was correct for one pattern and the right
alley was correct for an opposing pattern.
Onethird of the Ss were trained on horizontal and c i r r '
jlar, one-third on horizontal and vertical, and tht
remaining one-third on circular and vertical.

3.

Simultaneous three-choice (Si-3):
All three stimuli
were presented on each trial.
Each pattern was posi
tive for four animals.

4.

Successive three-choice (Su-3):
Three identical
stimuli were presented on each trial.
One pattern
signalled a left-alley response, one a middle-alley
response, and the third a right—alley response.
Each S_ received six trials per day for 50 days.

minimum interval of 9 min. separated trials.

A

Each attempt

to push through a negative door was recorded as an error,
with correction of errors permitted.

A moderately strong

electric shock was used to motivate the animals during the
first half of the experiment.

Shock intensity was reduced

to moderate after the 14^th trial. The tests of significance
were based on the number of trials to learn.

The mastery

criteria were 10 (two-choice groups) and 8 (three-choice
groups) correct responses in two consecutive 6-trial blocks.
S^s in the Su-3 group were required to distribute their
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correct choices in such manner that each of the three stim
uli was the recipient of at least two correct responses.
The spatial arrangement of the stimuli

(simultaneous

groups) and the order of stimulus presentation

(successive

groups) were based on a table of random digits, with the
following restrictions:

In the first two blocks of six

trials for the two-choice groups, the positive alley was
alternated between alley 1 and alley 3; in every succeeding
six-trial block,
three trials.

alley 1 and alley 3 each was positive on

In each of the first four blocks of three

trials for the three-choice groups, each of the three alleys
was positive once;

in every succeeding six-trial block,

alley 1, 2, and 3 each was positive twice, and,

in the case

of Si-3, each of the three stimuli appeared on each stimulus
door twice.
The procedure for the training trials closely approxi
mated the procedure described for the last day of pretraining.
The E placed the animal by hand into the start box facing
forward.

After the subject viewed the stimulus display or 30

sec. elapsed, whichever occurred first, the guillotine door
was raised, activating both timers and the grid floor.

The

guillotine door was lowered and one timer turned off when
the animal moved into the choice chamber and initiated a
response.

If S_ attempted to push through a negative door,

he was thwarted by a wooden block in the alley.
mal nosed the positive door,
tion of the goal.

If the ani

it swung freely in the direc

Interruption of the photoelectric beam

located in the alley terminated the electric shock, the
second clock, and the trial.

RESULTS
The principal results of the experiment,
terms of the number of trials to learn,
Table II.

given in

are summarized in

It should be noted that subject No. 29 failed to

solve his discrimination and was assigned the score of 300.
Scores of the other 47 Ss were distributed over the maximum
range for learners in this experiment,
being 6 and the highest 288.
exhibited within the groups,

the lowest value

Marked score variability was
also.

For example,

in succes

sive two-choice the results ranged between a low of 18 and
a high of 288.
210

(Si-2),

The extremes in the other groups were 6 and

18 and 264

(Si-3), and 90 and 228

(Su-3).

The

actual variances and SDs of the groups are presented in
Table III.

A Bartlett's test performed on the data shows the

variances to be homogeneous
p

(chi-Bquare = 3.15,

df * 3,

>.05) .
Table IV gives the means of the experimental groups

and the relevant differences between the means.

A glance

at this table indicates that the simultaneous two-choice
animals were the most rapid learners, with simultaneous
three-choice,

successive two-choice,

choice following in that order.

and successive three-

The Gs in the two two-

choice groups differed in their rates of learning more
30
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T A B L E II
Number of T rials to Loom ing C riterion*
Sim ultaneous Two-Choice
Problem

S u ccessiv e Two-Choice
No. of
T ria ls

1
l

36

2

6

Problem

No. of
T ria ls

i
13

72

14

288

HC

HC

3

108

15

228

4

126

16

240

5

12

17

114

6

18

18

84

19

66

UV

HV

XV

cv

HCV

hcv

HH, VV

7

18

8

30

20

18

9

30

21

126

10
11

132
174

22
23

168
108

12

210

24

84

Sim ultaneous Three-C hoice
Problem

HH, CC

C C , VV

S u ccessiv e Three-C hoice

s

No. of
T rials

25
26

120

37

216

108

38

228

27

126

39

174

28

72

228

29

300X

40
41

30

264

42

90

43

126

Problem

tfH H , e g e , VV1L

s

No. of
T rials

198

31

48

32

44

102

33

42
156

45

126

34

18

46

90

35

210

47

126

36

30

48

198

HCV

* L e a rn in g c r i t e r ia : 10 ( tw o -c h o ic e ) and B ( th r e e - c h o ic e ) c o r r e c t t r i a ls out of 12.
(N ote: In Su-3 group, e a c h s tim u lu s w a s tb n r e c i p ie n t of a t l e a s t 2 of the 8 c o rr e c t
re sp o n se s.)
s A rbitrary maximum.
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TABLE III
V ariances and SDs of tha Groups

Group
Statistic

V ariance
SO

Su-3

Su-2

Si-3

5,069.45

6 ,6 3 6 .0 0

8,59 5 .0 0

2,915.73

71.20

81.46

92.71

54.00

SI *2
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TABLE IV
Group Moans and D ifferences between Means

Simultaneous

75.00

49.50

133.00

58.00

158.50

34.00

25.50
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markedly than the Ss in the two three-choice groups.

The

difference between the two simultaneous groups was greater
than the difference between the two successive groups.
Results of the analysis of variance on the criterion
data are reported in Table V.

Simultaneous presentation of

stimuli was found to produce significantly faster learning
than successive presentation

(p <

.05).

tains under both conditions of choice.

This finding o b 
The two-choice vs.

three-choice comparison yielded an F of 2.91, which falls
short of the 4.06 required for statistical reliability.
Figure 4 presents the performance of each of the
groups in terms of the mean number of correct trials per
day over the 50 day training period.

As can be seen, after

an initial spurt learning proceeded at a slow but steady
rate for all four groups, with asymptotic performance possi
bly not yet reached by the 50th day.

Group differences are

clearly delineated here in the level of correct responding.
Figure 5 depicts the same data replotted on a common chance
level and against a common ordinate.

The curves portrayed

in this graph are in general agreement with the critferial
data, which also control for chance level.

The clustering

of points on Day 1 indicates that sampling error was kept
to a minimum.

Especially to be noted in both figures is

that the disparity in difficulty between the two two-choice
groups is larger than the disparity in difficulty between
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TABLE V
A nalysis of V ariance for C riterion Data

Source

SS

df

P resen tatio n

25.592

l

25,392

4.37*

C hoices

16,875

l

16,875

2.91

1,72£

l

1 ,728

•30
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the two three-choice groups through almost the entire e x 
periment .
Figure 6 plots the mean errors per day for the four
groups.

The error count, as noted earlier,

initial and retracing errors.

An

includes both

in any group could make

more than one error on a single trial.

The functions,

though reversed in direction, maintain the same relative
position— Si-2, Su-2, Si-3, Su-3--as those in Figure 4.
The proportionately greater probability of repeat errors by
the three-choice animals compared with the two-choice ani
mals accounts for the greater disparity between Su-2 and
Si-3 in this representation.

Again note that the difference

between the two-choice curves is generally larger than the
difference between the three-choice curves.
The latencies and running times of the groups are
shown in Figures 7 and 8.

After Day 1, no important differ

ences between the groups are revealed by either measure.
The shape of the curves— U for latency and J for running
time— may be attributed to the adaptation of the Ss to the
electric shock and the reduction of the intensity of the
shock after the 149th trial.
The best two-day performance and longest errorless
run of each animal are reported in Table VI.

Only three

subjects in the Si-2 group failed to perform without error
over a two-day period some time during the experiment.
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TABLE VI
B est Two-Day Perform ance and E a rlie st
O ccurrence; L ongest Run of C orrect R esponses

Sim ultaneous Two-Choice
S

B est
1 E a rlie st
Performance O ccurrence
Right-Wrong) (Trials)

S u ccessiv e Two-Choice
,
B est
E a rlie st
’ erformance O ccurrence
Right-Wrong) (T rials)

Longest
Run

S

24

1 0 -2 *
11 —I • *

73-84
289-300

5
10

Longest
Run

1
2

12-0**
12-0**

1 8 1 -1 9 2
61-72

45

13
14

3

1 0 -2 *

109-120

7

15

10-2*

229-240

8

4

12-0**

259-270

17

16

1 0 -2 *

241-252

8

5

12-0**

109-120

30

17

10-2*

115-126

9

6

12-0**

25-36

36

18

12-0**

97-108

17

7

12-0**

25-36

140

19

12-0**

211-222

28

8

12-0**

127-138

49

20

12-0**

211-222

19

9

12-0**

199-210

46

21

12-0**

211-222

19

10

11 —1 * *

235-246

13

22

1 1 —1*•

271-282

8

11

12-0**

283-294

15

23

11 —I * •

169-180

14

12

1 1 - 1 **

229-240

9

24

12-0**

289-300

15

Simultaneous Three-C hoice

s

E a rlie st
B est
Performance O ccurrence
'Right-Wrong
(T rials)

S u ccessiv e Three-C hoice
Longest
Run

E a rliest
p
c O ccurrence
Right-Wrong)
(T rials)

s J&L .

Longest
Run

25

12-0**

265-276

20

37

9-3**

217-228

8

26

1 1—1 • •

241-252

15

38

8-4*

229-240

5

27

11 —1 * *

163-174

12

39

12-0**

217-228

13

28

12-0**

235-246

26

40

8-4*

229-240

5

61-72

5

41

9-3**

259-270

7

2?

7-5

30

8-4*

265-276

4

42

10-2**

175-186

9-3**

55-66

9

43

10-2**

223-234

9

9-3**

253-264

7

32

9-3**

43-54

9

44

33

11—1 • •

265-276

10

45

8-4*

127-138

34

12-0**

157-168

14

46

11—1 • •

283-294

12

35

9-3**

217-228

6

47

10-2**

205-216

7

36

12-0**

79-90

71

48

12-0**

265-276

14

•p *.05
••p< . .01
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This compares with 7, 8, and 10 animals in the Su-2, Si-3,
and Su-3 groups, respectively.

The Si-2 S^s also turned in

the longest runs of correct responses.
ran 140 consecutive errorless trials.

For example, S^ #7
The successive

three-choice Ss made the poorest record in this respect.
If the longest runs were summed for each group,
would be 431

(Si-2), 201

(Si-3),

160 (Su-2), and 101 (Su-3).

As the table indicates, only one rat

(#29) failed to reach

a performance that, according to chi-square,
cantly better than chance

the totals

(p > .05).

is signifi

Thirty-eight of the

48 Ss attained degrees of learning that are significant b e 
yond the 1% level of confidence.
A breakdown of the group data reveals that, in general,
the horizontal and vertical patterns were the easiest for
the rats to discriminate

(Figure 9, A - D ) .

Circular was the

least discriminable of the stimuli, especially in the threechoice problems.

It follows that discriminations which

paired horizontal or vertical with circular should have been
more difficult than horizontal vs. vertical discriminations.
Figures 10A and 10B bear this out.

The horizontal vs. circu

lar successive problem proved to be particularly troublesome
for the rats.

This fact accounts for the poor performance of

the successive two-choice animals on the horizontal pattern
throughout most of the experiment

(Figure 9 B ) .

What has

been said in connection with Figures 9 and 10 is largely
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corroborated by Table VII, which gives the mean number of
trials to the learning criterion by group by problem.

The

only discrepancy is in the horizontal vs. circular simul
taneous discrimination, which was learned in a mean of 21
trials in spite of the circular pattern.
Table VIII presents the mean number of correct re
sponses per day of each of the simultaneous three-choice
subgroups by stimulus arrangement.

An inspection of the

table reveals that stimulus arrangement,
had no effect, but alley position did.

per se, apparently
The most rapid

learning occurred when the positive stimulus appeared on
the middle door.

In addition,

the Ss,

in general,

gave

alley 2 the largest portion of their total number of correct
choices

(Table IX; the means are shown in Table X ) .

When

the performances on the three alleys were compared in a
Lindquist Type I analysis of variance

(Table XI),

the F

value was found to be 3.72, which is significant at better
than the

.05 level.

^7
T A B L E VII
Moon Number of T rials to Leam iny Critorion
bjr Group by Problem

Problem

Group

Si-2

Su-2

Si-3

Su-3

No. of Ss

Moon

HC

2

21.0

HL

2

117.0

HV

2

15.0

HV

2

24.0

cv

2

81.0

cv

2

192.0

H it, CC

4

207.0

HH, VV

4

70.5

c c , VV

4

121.5

HCV

4

106.5

H £V

4

163.5

HC^

4

103.5

12

158.5

H H H ,C C C ,V V V

lf8
T A B L E VIII
Mean Correct R esponses of Si-3 Subgroups by Stimulus Arrangement per Day
HCV

HVC

CHV

VHC

CVH

VCH

1
2-5

1.00
0.75

2.00
0.35

6-10
11-15
16-20

1.60
1.00
1.40

1.00
1.20
1.60

2.00
0.50
1.60
2.20

2.00
2.00
2.40
2.40

1.00
1.75
2.00
2.00

2.40

2.80

1.20

1.00
2.25
1.40
2.40
1.40

21-25
26-30

1 00
2.00

2.50
1.80

1.50
2.20

2.40
2.83
3.25
2.60

3.20
2.75
3.00
3.20

3.75
3.40
2.80
3.67
3.75
3.60

1.50
2.40

31-35
36-40
41-45

3.50
3.20
3.40
3.25
3.83
3.60

2.80
2.67
3.50
3.00

3.00
3.00
3.00
3.00

1.90

2.14

2.80

3.04

2.27

2.27

CHV

CVH

HCV

VCH

HVC

VHC

1

2.00

1.00

2.00

2.00

0.00

0.00

2-5
6-10
11-15
16-20
21-25

2.00
2.20
2.00

1.50
1.80
1.60

1.50
1.20
1.60

1.50
1.60
2.40

1.25
2.20
1.00

1.00
1.80
0.80

1.60
1.25

1.40
1.17

2.00
2.50

1.20
1.75

0.40
1.00

26-30
31-35

0.60
0.60

3.20
1.40

1.33
1.00
1.80

2.83
2.75
1.80

1.40
2.40
1.50
0.75
1.20

1.80
1.80

36-40
41-45
46-50

1.40
2.00
1.50
2.00
1.60

1.60
2.83
2.80
2.20
1.25
3.00
2.40

1.45

1.59

2.10

2.20

1.45

1.33

VHC

VCH

HVC

CVH

HCV

CHV

1
2-5

0 .00
2.00

1.00
1.50

1.00
0.75

2.00
1.00

0.00
1.75

0.00
2.50

6-10
11-15
16-20

1.60
2.80
2.00
2.50
2.40

1.80
2.00
2.20

2.60
1.60
1.60

2.50
2.00
3.20

1.80
3.00
2.80
3.00
2.80
3.20
3.83
3.25
3.80

1.80
2.00
2.20

2.33
2.80
2.80
2.00
2.67
2.00

1.80
2.00
2.20
2.50
3.20
3.40
3.75
3.17
3.40

2.25
2.00
2.00
2.33
2.25
3.20

1.83
2.60
2.20
1.25
2.67
3.20

2.33

2.22

2.61

2.88

2.14

2.18

Day

Subgroup

H

P o s itiv e

46-50
Mean

Day

Subgroup

C
P o s i ti v e

M ean

Subgroup

V
P o s i ti v e

M ean

Day

21-25
26-30
31-35
36-40
41-45
46-50

2.60

1.75
1.67
1.60

**9

TABLE IX
Total Number of Correct R esponses of
Slmultoneous Three-Choice Subjects by Alley
Alley
Total

S
1

s

H

u

2

3

25

60

74

50

26

49

72

45

2?

42

69

74

28

51

77

58

29

29

36

25

10

19

77

17

31
32

77
27

49
53

36
61

33

48

63

29

34

74

74

46

35

17

58

53

36

88

79

88

581

781

582

721

b
9
r
o
u

p

C

V

Total

506

717

1944

50

TABLE X
Mean Number of Correct R esponses of
Sim ultaneous T h ree-C h o k e Subgroups by Alley
Overall

Alley
Subgroup

Mean

1

2

50.50

73.00

56.75

6 0 .0 8

C

38.00

53.75

34.75

42.17

V

56.75

6 8 .5 0

54.00

59.75

48.42

65.08

48.50

54.00

H

3

Overall
Mean

51

TABLE XI
A nalysis of Von one* of Correct R esponses
of Simultaneous Three-Choice Group
(L indquist Type I)

Source

SS

df

MS

F

2.54

Between*s o b je c ts

6,981.30

11

B (sub g ro u p s)

2,521.10

2

1,260.55

Error (b)

4,460.20

9

495.37

7,722.70

24

2,211.10

2

1,105.55

163.20

4

40.80

5.348.40

18

297.13

14,704.00

35

W itb in -su b je c ts
A ( a lle y s )
AB
Error (w)
T o tal
•p

.05

3.72*
.14

DISCUSSION
The assumption that a three-choice discrimination is
learned by the rat with significantly greater difficulty
than a two-choice discrimination was not supported by the
empirical results.

Therefore,

there was no adequate test

of the central proposition of the study, namely,

that the

relative difficulty of simultaneous and successive dis
crimination varies as a function of the absolute difficulty
of the discrimination learned.
The data, however, were in the predicted direction;
that is, the simultaneous and successive three-choice
groups took longer to learn

(but not significantly longer)

than their two-choice counterparts.

The findings, based

upon these inconclusive results, were,
major hypothesis,

in terms of the

in direct opposition to those that were

anticipated on the basis of the MacCaslin,
and Lipsitt studies.

Loess-Duncan,

The difference between the simul

taneous and successive methods decreases with an increase
in problem difficulty,
Interestingly enough,

at least between 75 and 12 5 trials.
this is in accord with the schema

presented in the introduction of this paper
Also,

(Figure 1).

the means— 75.0 and 133.0 for the two-choice groups

and 124.5 and 158.5 for the three-choice groups--closely
52
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approximate those reported by Bitterman and Wodinsky
and 140.0) and MacCaslin

(79.0

(120.0 and 144.0), respectively.

Two factors militated against a significant twochoice vs. three-choice difference.

First, there was the

extremely high variability of scores within the groups,
which very possibly obscured a significant
difference.

'between groups'

This high score variability, essentially,

is

attributable to the individual differences among the ani
mals, not only in intellectual ability but in physical and
emotional makeup as well.

In addition, these individual

differences were magnified by the affects of the motivating
stimulus, electric shock.

This occurred in two different ways.

First, an aversive stimulus, such as shock to the feet, pro
duces to a greater or lesser extent a state of emotionality
in an animal.

It is generally agreed that emotional re

sponses interfere with the intellectual processes.

Second,

the shock served not only as a motivator, but as a negative
reinforcer as well in those cases where the animal experi
enced it while standing In front of (i.e., while viewing) one
of the stimuli, even the positive stimulus.

Both of these

effects had the resultant effect of delaying the solution
of the problems for most of the animals.

It is assumed that

the duller rats were affected by shock to a greater degree
than the brighter rats.

The same may be said for the more

anxious and/or thin-soled £s.
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The second factor that worked against a significant
'choices' main effect was the fact that the Bo-called easy
discrimination was not really easy.

This may be appreciated

by plotting the mean trials to criterion for the four groups
in Figure 1-

Both discriminations,

it will be seen,

along the upper half of the difficulty continuum.

lay

The

'easy* discrimination, at best, was one of medium difficulty.
A more precise statement is educed from a re-inspection of
Table VII:

some of the simultaneous two-choice subproblems,

such as HC

(21.0), HV

(15.0), and HV (24.0), were easy; the

others— HC

(117.0), CV (81.0), and CV (192.0)— were not.

As

mentioned in the results section, the subproblems that in
volved the circular pattern were generally difficult.

It is

interesting to note that the simultaneous horizontal vs.
vertical problem, which most investigators would agree is a
relatively easy discrimination for the rat, was learned in a
mean of 19.5 trials as compared with 70.5 trials for the Suc
cessive horizontal vs. vertical problem.

The difference t>e-

tween these means was tested and found to be significant
(t^ =

2.49; df = 6, p

much

confidence in a result based on an n of 4, he would

have to conclude,

<

.05).

If one were

in direct disagreement with previous re

search, that there is a difference between
tive

inclined to place

procedures in easy discriminations.

the two discrimina

55
There are several methodological problems of a
general nature that are encountered in thiif^type of experi
ment.

These relate to the learning criteria used,

the

comparability of the stimuli and of the subproblems,
the intensity of the electric shock.

and

The learning criteria

of 10 correct responses out of 12 trials for the two-choice
groups and 8 out of 12 for the three-choice groups seem to
be reasonably well equated, on both statistical and logics
grounds.

According to chi-square,

the former criterion is

evidence of non-chance responding att about the .03 level of
confidence, while the latter is evidence of the same at b e 
tween the .02 and .05 confidence levels.

The qualification

that required the successive three-choice animals to dis
tribute their correct responses among the three stimuli in
either a 4-2-2 or 3-3-2 manner ruled out the possibility of
their meeting the criterion by learning only two of the three
discriminanda
level

(4-4-0).

Ten out of 12 is 4 above the chance

(6) for the two-choice animals,

as is 8 out of 12

(chance level 4) for the three-choice anirpals.

Going a step

further, the poorest an animal in the 6u-2r'group could do on
a stimulus and still meet his criterion is 4 out of 6, or 1
above the chance level

(3).

This compares with 2 out of 4

on any one stimulus for a Su-3 53, which is equivalent to 3
out of 6, or, again,

1 above the chance level

(2).

Whether

this constituted an advantage for the successive groups over
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the simultaneous groups, who had to learn the positive
stimulus at the ratio of 5 out of 6
of 6 (three-choice),

is moot.

(two-choice) and 4 out

No advantage, however, ap -

pears to accrue to either the two-choice or the three-choice
groups in this regard.
The discussion on equivalence of mastery criteria
for different conditions of choice raises a question con
cerning some results cited in the introduction.

It was

stated that Lashley found a three-choice simultaneous size
discrimination to be three or four times more difficult for
rats than a two-choice size discrimination.
the figures given by Lashley are:
criterion on the two-choice problem
of 2:3)

(Lashley,

Specifically,

37.5 mean trials to
(circles in the ratio

1938, p. 155) as against 120

(small circle)

and 160 (large circle) mean trials to criterion on the threechoice problem

(circles in the ratio of 1:2:4)

The criterion of learning,

(1938, p. 164) „

it was interesting to note, was

the same for both problems— 20 consecutive errorless trials.
It seems to the writer that Lashley was comparing trials to
a perfect performance, which is not necessarily the same as
trials to learning.

A rat may perform at non-random levels

long b e f o r e he reaches an errorless performance, particu
larly where a three-choice problem is concerned.
then,

Perhaps,

the difference in difficulty between two-choice and

three-choice discrimination is not as large as Lashley's re
sults suggest.

Other studies investigating multiple-choice
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discrimination even suggest that the reverse may be true:
two-choice may be more difficult than multiple-choice dis
crimination.

For example, Fields

paratus presenting 5 cards

(193 5) found that an ap

(one positive stimulus, negative

stimulus quadruplicated) gave more rapid learning for rats
than a 2-card apparatus.

Weaver and Michels

(1961) showed

that rats performed with greater proficiency on a fourchoice problem

(one positive stimulus, negative stimulus

triplicated) than on a two-choice problem.

Smith

(1936)

trained three groups of cats with one positive stimulus and
either one, two, or three negative stimuli.

There was no

difference between the groups given training with one and
with two negative stimuli, but the group trained with three
negative stimuli required fewer trials to reach the learning
criterion.

Nissen and McCulloch

(1937a;

1937b) found acqui

sition of a discrimination by chimpanzees to be more efficient
when nine negative stimuli were used than when only one nega
tive stimulus was used.

The typical rationale offered for

these results is that in a two-choice problem the animal is
rewarded at least half the time whether he learns or net, which
is not a bad average in animal life.
It was shown in the results section that the circular
pattern was the least discriminable of the three stimuli.
In this type of experiment,

the importance of selecting dis-

criminanda which will be learned in reasonably comparable
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amounts of time and are equally distinguishable,
the other, cannot be overemphasized.
not employed,

one from

If such stimuli are

the results of the experiment will be dis

torted and can be misleading in terms of the conclusions
drawn from them.

An impotent stimulus will slow the rate

of learning of any problem in which it is involved.

A

stimulus which cannot easily be discriminated from another
stimulus will slow the rate of learning on the problems
which pair the two stimuli or even render those problems
incapable of solution.

The devastating effects of the

last-mentioned situation are graphically illustrated in a
pilot study which was conducted by the writer.

Two of the

discriminanda— a horizontal and a vertical pattern— were
the same as two of those used in the present study.
third pattern, which the writer calls
tially a series of inverted V's.

The

'apical,1 was essen

The rats had a great deal

of difficulty in distinguishing the vertical pattern from the
apical,

so much so, in fact, that the data were grossly dis

torted and, thus, valueless.

By the 200th trial, all 8 Ss

put on the apical vs. vertical simultaneous and successive
two-choice problems,

7 of the 8 Ss put on the HAV and HAV

simultaneous three-choice problems,

and 9 of the 12 succes

sive three-choice Ss still had not solved their problems.
By way of contrast,

the four Ss in the Si-3 group who were

required to learn the horizontal pattern all did so by the
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30th trial, which indicates that this three-choice dis
crimination resolved itself into an oddity problem for the
rats because of the apparent equivalence that the vertical
and apical patterns had for them.

Had the pilot study been

carried to its ultimate conclusion— assuming all problems
were potentially learnable— all the group means would have
been inflated, but some more than others

(e.g., Su-3).

It should be mentioned here that a distinction car
be made between a discriminandum that is inherently indis
criminable and a stimulus that is discriminated with great
difficulty only because it is presented in combination with
a highly similar stimulus
rat).

(at least they are similar to the

Lashley (1938), who made an intensive study of stimuli

and the reactions they elicit from rats, has stated that regu
lar geometrical figures are more differentiable than irregular
geometrical figures, and that the most difficult stimuli are
those that are "complicated within themselves."
discrimination, he said,

The easiest

is of the presence or absence of a

figure, and the next easiest is of figures with some clearly
marked difference in the direction of their axes.

He was

further of the opinion that the discriminative response was
generally not to the entire figure, but to only parts of it—
the inner corner,
in particular.

the dividing position,

and the base line

It was the writer's impression— and Figures

9C and 9D seem to bear it out--that early in training the
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subjects of the present study confused the horizontal and
circular patterns, while late in training they manifested
some difficulty with the vertical and circular pairings.
This may be accounted for by the fact that each of the
first-mentioned pair of stimuli has a horizontal orienta
tion, and each of the second
and white base line

pair has an alternating black

(see Figure 3).

The horizontal-circular

solution is probably due primarily to the horizontal patt-rr,
which is known to be one of the most readily identifiable of
all discriminative figures for the rat.

Intuitively,

one

would expect the circular pattern to be the most powerful
and distinctive of the three stimuli,

inasmuch as it is the

odd pattern in terms of circularity and linearity.
It may be asked, what would the present data have
looked like if the circular stimulus had been as discrimi
n a t e as the horizontal and vertical patterns?
tion, where the two-choice groups are concerned,
the horizontal vs. vertical results.

The indica
comes from

By this measure,

the

means for the Si-2 and Su-2 groups would have been approxi
mately 20 and 70, respectively.

What they would have been

for the three-choice groups can only be speculated upon,
but it seems safe to say that the Su-3 group mean would
have been reduced by a greater amount than the Si-3 group
mean.
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The third methodological problem that is encountered
in this type of experiment concerns the proper level of in
tensity of the electric shock.

From his experience in run

ning the previously-mentioned pilot study and the present
experiment,

the writer would say that the shock must be

intense enough to make the S_s take their task seriously,
but not so intense as to

induce a

the animals.

is too strong, it will arouse a-

If the UCS

high level of

anxiety in

emotional state in the subjects, causing them to franti -illy
push through one stimulus door after another without regard
to the discriminative cues.

If the shock is too mild, a

slow rate of acquisition will result or the rats might not
even learn at all.

Also, under conditions of mild shock S_s

have been observed,

during the solution period,

to 'test'

the negative door(s) before responding correctly,
merely confirm their expectations.
said, it is obvious that

From what has just been

changing

the intensity of the moti

vating stimulus after training is well
mental procedure.
the reduction of

Therefore,

as if to

along is poor experi

it should be explained that

shock strength at the 150th trial cf the

present experiment was unintentional,

the result of over

compensating for a change in the load on the power line
serving the laboratory.
What are the theoretical implications of the results
of the experiment?

There are several.

First, the simul

taneous method of stimulus presentation was shown to be

superior to the successive method under both conditions of
choice.

These findings support the theoretical positions

of Lashley and Spence, but are antithetical to the Gulliksen
and Wolfle theory of 'configurational'

learning, which infers

that successive discrimination should be learned quicker.
Spence, who conducted most of his research in a maze situa
tion,

stated in his 1952 paper that studies run in the Iowa

laboratories over a period of 15 years "tended to sugges*that the successive problem was relatively the more dif tic Jilt
of the two situations"

(p. 90).

An array of substantiating

data is available from other sources [Bitterman, Calvin,
Elam; Calvin and Williams

and

(approach-dark rendition); Davis

(approach-dark condition) ; Erickson and Lipsitt,

1960; Lipsit

(similar—stimulus condition);

1961; Loess

Lipsitt and Engen,

and Duncan (difficult problem); MacCaslin; North and Jeeves;
Perkins, Banks,

and Calvin,

Wodinsky, Varley,

1954; Robinson and McGill;

and Bitterman

(component conditions)].

Thus, the present study is one more link in the chain of evi
dence favoring the simultaneous method of discrimination.
The data of the present study, however,

suggest that

Spence 1s notion of stimulus-compounding may have a flaw in
it.

It was shown in the results section that the simultane

ous three-choice subjects did their best responding when
the positive stimulus appeared on the middle door.

This

suggests to the writer that the animals may have based
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their responses,
pothesis.

not on a cue, but on a cue-position h y 

Other explanations,

such as alley preference,

body orientation in the start box, and superior visibleness
of the center stimulus through the guillotine door,
untenable.

First,

seerr.

it has been shown that infrahomans find

the middle-docr problem harder than the end-docr problem
(Cook,
1916,

1953; Sadovinkova,
1934).

And,

1923; Spence,

second,

1939; Yerkes,

1915,

the subjects of the successiv-

three-chcice group, who were also placed in the start 1 .;a
facing forward and who had the same view of the stimuli as
the Si-3 Ss, did their worst responding in the middle alley.
Yet, Spence assigned functional priority to the component
solution in his theory.

He said that compounding will de

velop only when a component solution is not possible
p. 90).

(1952,

Subjects confronted with a simultaneous discrimi

nation problem are not supposed to respond to stimuluscompounds.

But they may have done so in this experiment.

Lashley laid great stress on the degree of oppor
tunity for direct comparison of the stimuli.

He contended

that the better the opportunity for comparison,
readily the problem will be mastered.

the mere

It should be noted

that direct comparison of stimuli may be spoken of in two
different senses:

(1) the case in which the different

stimuli can be clearly seen by the animal at the same time,
that is, in a single glance;

(2) the case in which the
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different stimuli are presented together on each trial.
In which sense may the phrase "direct comparison" be used
in the present study?

Obviously not the first,

for under

the two-choice conditions the discriminanda were 5 to 6
inches apart, and under the three-choice conditions the
same distance separated the stimuli on the lateral doors.
Even if the stimuli had been placed in as proximate a
position as possible,
ficed,

a single glance would not have suf

for three reasons:

the rat's field of clear vision

is relatively small; each stimulus was 4 inches wide

(the

stimulus doors were 4-1/2 in. in width); and the choice
chamber was compact, not long and narrow.

Thus, the ani

mals on even the simultaneous problems were forced to
make a 'successive' comparison of the stimuli and were
obliged to remember one stimulus long enough to compare it
with the other (s).

'Direct comparison, ' then,

of in the second sense in this experiment.

is spoken

Even though the

stimuli were viewed temporally apart by the simultaneous Ss
(a matter of seconds or fractions of a second as compared
with at least 9 min. for the successive Ss), they were pre
sented together on each trial.
sion, succinctly,

is this:

The upshot of this discus

if true simultaneous conditions

had been used in this study— that is, if the discriminanda
could have been viewed in a single glance by the subjects-the magnitude of the superiority for the simultaneous groups
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over the successive groups may have been even greater than
it was, assuming that Lashley*s theory is correct.
The proximity of the stimuli is a variable in the
Gulliksen and Wolfle theory, also, but for a different
reason.

A brief review of this theory will help to illus

trate why.

It will be recalled that in the Gulliksen-

Wolfle theory each combination of stimuli is thought to
constitute a discrete configuration for the animal, whose
directional reactions are associated with total configura
tions and not individual stimuli.

Supporters of this theory

infer from this that a successive problem (e.g., horizontalhorizontal vs. vertical-vertical)

should be mastered more

quickly than a corresponding simultaneous problem

(horizontal-

vertical and vertical-horizontal) because the configurations
are more dissimilar and, thus, more differentiable.
Gulliksen and Wolfle*s view,

In

the response is made to the

total configuration whether that total is seen all at once
or is examined part by part.

Whatever contributes to the

unity of the patterns should also contribute to improved
performance on the successive method relative to the simul
taneous method.

The proximity of the stimuli would be a

factor in the unifying process.

The more closely juxtaposed

the stimuli, the more unitary they would appear to the ani
mal.

In the present study, the patterns in the three-choice

problems were more contiguous than in the two-choice problems.
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This should have redounded to the advantage of the succes
sive three-choice S^s as opposed to the successive two-choice
Ss.
case-

It is interesting to note that such was actually the
The difference in proficiency was less between the

three-choice groups, where the functional unity of the stim
uli was promoted,

than between the two-choice groups, where

it was not.
The significance of the present experiment rests not
in its results, but in its method.

If the potential utility

of the approach has been adequately demonstrated,
ultimate purpose of the study has been fulfilled.

then the

SUMMARY
To test the hypothesis that the relative difficulty
of simultaneous and successive discrimination varies as a
function of the absolute difficulty of the discrimination
learned, 48 albino rats were randomly assigned to four ex
perimental groups.

Two of the four groups were required

to solve a two-choice pattern problem {easy discrimina
tion), the other two groups a three-choice pattern problem
(difficult discrimination).

The stimuli were presented

simultaneously for one group in each 'choice' condition,
and successively for the other group.
The assumption that a three-choice discrimination
is learned by the rat with significantly more difficulty
than a two-choice discrimination was not empirically sup
ported, and, therefore,
hypothesis.

there was no adequate test of the

The data, however, were suggestive that the

difference between the two discriminative methods decreases
at the upper end of the difficulty continuum.
lary finding,

In an ancil

the simultaneous method of stimulus presenta

tion was found to be more favorable to learning than the
successive method under both conditions of choice.
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